The aim of the paper is to investigate dynamic linkages between the main European stock markets and two commodity prices: crude oil and gold. For the empirical analysis we use daily data from the period
Introduction
Understanding the dynamics of share prices and stock market indices is important for professionals from both a practical and theoretical point of view, especially in periods when financial instruments undergo high volatility. Last decades show that commodity prices are a significant factor affecting share prices and, consequently, stock market indices.
Theoretically, such dependencies are caused by the fact that share prices correspond to a discounted sum of expected futures cash-flows. Thus, they reflect economics conditions tightly connected with commodity prices. However, it is more important that financial market liberalization has made commodities an attractive form of investment. Low interest rates and expectations connected with inflation encourage some investors to invest their capital in raw materials, while others use commodities to diversify their portfolios. That is why, mutual relations between commodity prices and a stock market are vital for them. Crude oil and gold occupy a special position in the commodity market. Crude oil is a strategic energy source in advanced economies, and it is also the world's most commonly traded commodity, while gold is a precious metal most often chosen by investors. The role of gold for investors is especially important during periods of high volatility, and it is described as a 'safe haven' from an increasing risk in financial markets (Baur and McDermott, 2010) . Subject literature abounds in studies which deal with the relationship between oil price changes and stock prices. The majority of these studies examine the Asian-Pacific region (Cong et al., 2008; Narayan and Narayan, 2010; Nguyen and Bhatti, 2012; Broadstock et al., 2012; Zhu et al., 2014) . Several researchers investigate the relationship between oil prices and stock returns of the GCC (Gulf Cooperation Council) countries (Mohanty et al., 2011; Hammoudeh and Choi 2006; Arouri et al., 2011; Arouri and Rault, 2012) . Park and Ratti (2008) find that oil price shocks have a negative impact on real stock returns in the U.S. and 13 European countries. Arouri (2011) analyzes oil prices and stock returns in Europe.
Similarly, Śmiech and Papież (2013) analyzes fossil fuel prices, exchange rate, stock market on the European market, whereas Creti et al. (2013) examine the links between commodities returns and stock returns on the U.S. Data. Souček (2013) compares market activity for three of the major futures contracts in the U.S.: the stock index S&P 500, light sweet crude oil, and gold. The analyses of dependencies also cover emerging markets (Aloui et al., 2012) and Central and Eastern European (CEE) countries (Mohanty et al., 2010; Aloui et al., 2013) .
The existing literature various estimation techniques and testing methodologies are used in an effort to investigate the relationship between commodity prices (oil, gold prices) and stock markets. Park and Ratti (2008) use a VAR model. Many authors use the family of GARCH models, specifically bivariate GARCH (Cifarelli and Paladino, 2010; Arouri et al., 2011; Arouri, 2011; Papież and Śmiech, 2012) , generalised VAR-GARCH (Arouri et al., 2012; Mensi et al., 2013) and multivariate GARCH (Creti et al. (2013) use dynamic conditional correlation (DCC) GARCH).
Copula functions are commonly used to analyse dependencies between financial data.
The analysis is performed in two steps: during the first one time series are filtered to obtain i.i.d series, while during the second one copula functions are selected for marginal distributions obtained earlier. Recently, copula approach has been widely used to capture dependencies of financial series. Li (2000) , Patton (2006) , Granger et al. (2006) , Chen and Fan (2006) are early examples of this approach. Generally, there are two main areas of interest in financial applications of copula models. First, copula functions are used to describe dependence between pairs (usually) of series in order to have benefit of portfolio diversification and to measure co-movement of financial instruments or a contagion effect.
Relations between oil prices and stock market in this context were studied for the U.S. by Geman and Khauoubi (2008) , for China and Vietnam by Nguyen and Bhatti (2012) , and for various countries by Sukcharoen et al. (2014) . Aloui et al. (2013) used time-varying copula to focus on the oil-stock market relationship for six major transition markets in the Central and Eastern European region. Wen et al. (2012) studied a contagion effect between stock prices and crude oil during the recent financial crisis. Second, a copula function can be used for Granger causality analysis and information transmission (usually volatility transmission). To the best of our knowledge, there are only several studies in this field, for example: (Lee and Yung, 2014; Bouezmarni et al., 2012 and Taamouti et al., 2014) , but none of them deals with the relations between commodity prices and stock markets.
Existing studies present different results; some find that there is no significant effect of oil price shocks on stock prices (Cong et al., 2008; Hammoudeh and Choi, 2006; Mohanty et al., 2010; Maghyereh, 2004; Sari and Soytas 2006) , others find a significant positive impact of oil prices on stock prices (Narayan and Narayan, 2010; Nguyen and Bhatti, 2012; Broadstock et al., 2012; Mohanty et al., 2011) , while still others find a significant negative effect (Aloui and Jammazi, 2009; Park and Ratti, 2008; Cifarelli and Paladino, 2010) . Hence, the evidence from the existing literature on the significance and sign of the impact of oil price changes on stock prices is still inconclusive. Granger causality, a nonparametric test based on an empirical copula was used, following the suggestion of Genest and Rémillard (2004) . In order to capture autocorrelation, fat tails, leverage effects and heteroscedasticity of returns, we use (following Lee and Wang (2014) or Zhu et al. (2014) ) ARMA-GARCH model, although in our study innovation processes are assumed to be skewed t-student, which seems to be a more general model. Next, for standardized residuals obtained earlier, an empirical copula is found, which is then compared with the independence copula. Granger causality is analysed with the assumption that one of the series (residuals) is lagged relative to the other. Using a test for empirical copula has two basic advantages: firstly, the test results obtained refer to causality in distributions, which means that causality here is treated in more general terms than in traditional cases, when causality is analysed for the first two moments, that is the mean and the variance or some quantiles. The lack of causality in moments does not have to indicate the lack of causality in distributions (including quantiles), thus can give wrong signals to investors. Secondly, the test used is nonparametric, which allows us to avoid the risk of incorrectly specified distribution (of copula function), possibly leading to wrong conclusions regarding certain null hypothesis.
Bearing in mind that the period of analysis covers several episodes of wide instabilities and crises, the analysis is conducted recursively in overlapping rolling windows.
The first sub-sample starts on January 2, 1998 and ends on December 31, 2002. The second window is moved towards the first one by one year, so the second sub-sample starts on The rest of the paper is organized as follows. Section 2 describes the concept of Granger causality in distribution and methods of testing for Granger non causality in copula contexts. Our data are presented in Section 3, while empirical results for two European stock markets and two commodity prices are reported in Section 4. Conclusions are stated in the last section.
Methodology
In this section, we will briefly describe Granger causality in distribution (GCD) and present the method of its testing used in our study. To explore causality between two time series we use } { t X to denote the preceding variable and } { t Y as the trailing variable. Consequently, we will assume that market X closes before market Y closes. The information set before market X closes will be denoted as t G , and the information set after market X closes but before market Y closes will be denoted as
It is said that
The above implies that testing NGCD can be based on the following null hypothesis:
. Using the fact that joint density function is the product of the conditional density and the marginal density (see Lee and Yang, 2014) :
and with the assumption that
that is with the independence of marginal densities, we obtain the equation from the null hypothesis (1). Hence, the null hypothesis of NGCD, in (1), can be stated as the null hypothesis that conditional marginal distributions are independent:
Conditional distributions )
are modelled using two univariate processes ARMA(1,1)-GARCH(1,1) and the null hypothesis in eq. (4) is verified using multivariate independence test based on the empirical copula process, following the suggestion of Genest and Rémillard (2004) and Genest et al. (2006 Genest et al. ( , 2007 for standardized residuals of these processes.
It is a rank test based on combinations of asymptotically independent Cramér-von
Mises statistics derived from a Möbius decomposition of the empirical copula process 1 :
where the empirical copula (Deheuvels, 1979) , defined by
is an estimate of the unique copula C, describing joint distribution H of the multivariate vector with continuous marginals
Symbol ij R from the formula (6) stands for ranks which are used to replace original observations
Process ( 
Data
For the empirical analysis, we use daily data from the period January 2, 1998 to June Basic descriptive statistics can be found in Daily prices or indexes and daily returns of each four variables are given in Fig. 1 and Fig. 2, respectively. The plots of prices and returns in their respective markets clearly move in a similar manner. The descriptive statistics for crude oil returns, gold returns and set index returns are reported in Table 2 . Table 3 . 
Empirical results
We investigate causality between the European stock market and commodity prices using methodology described in Section 2. The analysis of contemporaneous causality and
Granger causality in distribution between European stock markets and commodity prices is conducted for the following pairs: the German stock index and crude oil prices (DAX -BRENT); the German stock index and gold (DAX-GOLD); the UK stock market and crude oil (FTSE100-BRENT); and the UK stock market and gold (FTSE100-GOLD).
The aim of the analysis is to investigate both the direction of relations between stock markets and commodity prices, and stability of these relations, which is of vital importance for financial investors.
The analysis is conducted for each sub-sample from Table 3 , assuming that a preceding variable is a logarithmic rate of return lagged by 1 (Granger causality in distribution) or not lagged (contemporarous causality). We are not interested in causality in a longer horizon, because, as Dufour and Renault (1998) and Dufour et. al. (2006) show, in the financial market, if there is no causality between } { t X and } { t Y , it will be difficult to explore Granger causality in a longer horizon. As a consequence of the development of information technology, the impact of information in one market has the most significant effects in a short run.
For each pair, each sub-sample and each conditional lag, distribution was modelled with the use of univariate processes ARMA-GARCH, in which standardized residuals follow skewed Student's t-distribution 2 . The order of ARMA terms and the lag orders of the GARCH model are all specified to be 1, as (Brooks, 2002) stated that a GARCH-family model with lag order of 1 can sufficiently describe volatility clustering in asset returns, and higher-order models are rarely used in financial literature. Skewed Student's t-distribution was chosen because it is a desirable extension of both normal and Student-t density. According to (Bastianin, 2009) , two of the most common deviations from normality are fat tails and asymmetry. Although Student-t density can capture fat tails, skewed-t density can capture both skewness and fat tails.
Independence of standardized residuals is tested using a multivariate independence test based on the empirical copula process. Obtained values of Cramér-von Mises statistic and corresponding p-values are presented in Tables 4, 5 and 6 3 for all analysed sub-periods. Table 4 show result of the evaluation of dynamic interactions between the European stock market and commodity prices on the same day. The value of the Cramér-von Mises statistic may be interpreted as contemporaneous causality between the European stock market and commodity prices. At the 5% significance level we conclude that contemporaneous causality between the UK stock market index (FTSE100) and Brent spot prices exists starting from the fourth sub-period. Similarly, at the 5% significance level, we find contemporaneous causality between the German stock index (DAX) and Brent spot prices beginning from the seventh sub-period. (DAX) and gold prices is observed from the fifth sub-period (statistically significant at the 5 % level). Similarly, the interaction between the UK stock index (FTSE100) and gold prices on the same day is observed from the fourth sub-period till the last sub-period. This means that contemporaneous causality between FTSE100 and gold prices lasts from January 2001 to June 2014.
a) Are distributions of the European stock market and commodity prices independent on the same day?

b) Is there an impact of the European stock market on crude oil and gold prices?
The results of Granger causality in distribution obtained with the use of the Cramér-von Mises test presented in Table 5 show that in all sub-periods the German stock index (DAX) does not Granger cause the prices of crude oil. Similarly, it can be observed that the 
c) Is there an impact of crude oil and gold prices on the European stock market?
The results of the Cramér-von Mises test presented in Table 6 show that, at the 5% statistical significance level, crude oil prices do not Granger cause the German stock index (DAX). Similarly, the prices of crude oil do not influence the UK stock index (FTES100) except for the period from the third sub-period to the fifth sub-period. So, Brent spot prices significantly influence the UK stock index (FTSE100) from the third sub-period to the fifth sub-period. It means that the prices of crude oil have an impact on the UK stock index (FTSE100) from January 2000 to December 2006. However, the results indicate that, at the 5% statistical significance level, gold prices do not Granger cause the UK stock index (FTSE100). So, past information from gold prices does not improve forecasts of the UK stock index (FTSE100) in all sub-periods. Similarity, the prices of gold do not influence the German stock index (DAX) except for the third subperiod, the fourth sub-period and the sixth sub-period. So, gold prices significantly improve forecasts of the German stock index (DAX) from January 2000 to December 2007.
Conclusion
The objective of the study is a dynamic assessment of dependencies between European stock markets and commodity prices: crude oil and gold using daily data spanning from January 2, 1998 to June 30, 2014. The dependencies are analysed using causality in distribution with a test based on a copula. The study investigates both contemporaneous causality in distribution and Granger-causality in distribution with the rolling procedure (that is, the analysis in 5-year sub-periods).
There are three main findings of the study. First, relations between commodity prices and stock markets are not stable in time. It is especially clear when we compare contemporaneous causality between stock market indexes and commodity prices for different sub-periods. At the beginning, stock markets seem to be unrelated to the commodity market, which changes in the period starting in 2003, where dependencies between them are observed.
This phenomenon, on the one hand, can be explained by a fast flow of information between financial and commodity markets, and, on the other hand, indicates that both markets respond to global factors.
Second, when we focus on Granger causality, it is clear that the role of stock market indexes and commodity prices is not symmetrical. Generally, commodity prices do not Such linkages between European stock market indexes and gold prices can indicate that indeed gold is perceived by investors as "save heaven", which confirm the results obtained by Baur and McDermott (2010) .
Understanding the type of relationship between commodity prices and stock prices is beneficial to portfolio managers, investors, financial market regulators, and energy analysts and policy makers. The findings can be utilized to build profitable portfolio strategies for traders, who operate on both financial and commodity markets. Showing the connections between markets and particular processes indicates the directions of diversification.
